sis and insufficiency. Of this group, SG and LR did not have aortic valvular disease; RR and JE had a double aortic lesion, and AN had aortic stenosis. JP was 14 weeks pregnant at the time of study. All 10 patients were female. Their ages ranged from 23 to 52 and averaged 37 years. Following diagnostic studies JP and RP underwent mitral valvuloplasty; SG had a mitral and a tricuspid valvuloplasty, and FC underwent a tricuspid valvuloplasty.
Cardiac catheterization was performed on all patients (table 1) . It was repeated 13 months after tricuspid valvuloplasty in FC, following a 29-month interval in JF and after 39 months in RR. The technic of catheterization and the accessory analytic methods employed were as previously described.4' Pressures were measured with a Sanborn electromanometer and recorded by a 4-channel Polyviso recorder. In recording right atrial and ventricular diastolic pressures a sensitivity of 40 mm. Hg per 4-cm. deflection was utilized, since it provides records that are easily and accurately read and yet are free of the artifacts frequently recorded at higher sensitivities. Right ventricular and atrial pressures were determined in succession through a single-lumen catheter except in patient LR, in whom they were recorded simultaneously through a double-lumen catheter.
The mean pressures in right atrium and right ventricle during ventricular diastole and the gradient during flow across the tricuspid valve were determined by graphic integration-points read on the pressure curves for every 0.04 second of ventricular diastole were averaged. Sufficient cardiac cycles were analyzed to include an entire respiratory cycle. The peak of the R-wave in lead II of the simultaneously recorded electrocardiogram was used as a reference point to plot the beginning and end of ventricular diastole on the atrial curve. The ventricular pressure at right ventricular end-diastole (RVed) and the corresponding pressure point on the right atrial curve (so-called Z-point) were also analyzed.
The areas of the tricuspid and mitral valve orifices were calculated from the formula of Gorlin and Gorlin, 6 with the recommended correction factors. The diastolic filling period was determined from the TRICUSPID STENOSIS fig. 1) .
Since satisfactory studies during exercise were available on only 4 of the autopsied patients, atrioventricular gradients during exercise from an additional 7 patients with rheumatic heart disease who did not have any clinical stigmata of tricuspid stenosis3 were also determined. In the combined series of 11 patients the mean gradient was +0.5 mm. Hg (S.D. 1.1), with a range of -1.6 to +2.2 ( fig. 1 ).
In the patients studied at rest the mean Z-RVed gradient was -1.0 (S.D. i 1.1) mm. Hg, with a range of -3.8 to +2.4. During exercise the mean Z-RVed gradient was -2.3 mm. Hg (S.D. + 1.9), with a range of -4.8 to +1.0.
RESULTS

Atrioventricular Gradient
At rest the mean right atrial pressure during ventricular diastole significantly exceeded the mean right ventricular diastolic pressure in all 10 patients with tricuspid stenosis (table 2) . In general, the gradients were small, ranging from 2.9 to 11.9 mm. Hg ( fig. 1 ). In 9 of the 10 patients it was less than 7 mm. Hg; in 4 it was less than 5 mm. Even the smallest gradients, however, were readily appreciated by gross inspection of the curves* when the pressures in the right atrium and ventricle were recorded at * When records for the control series were reviewed a previously unrecognized gradient in the tracings of JF was visually apparent. Examination of the postmortem specimen revealed a moderately severe stenosis of the tricuspid valve. This experience added considerable confidence in the validity of the present In only 1 of the 5 patients with normal rhythm was the so-called atrial C-wave usually attributed to valve closure noted. In another, this wave was present when the catheter tip was near the tricuspid valve only, and disappeared as the catheter was withdrawn into the atrium, suggesting that the wave was due to the valve leaflets impinging on the catheter tip rather than to a true change in atrial pressure during valve closure.
In the presence of normal sinus rhythm the atrial V-wave was very small, but the fall in atrial pressure when the tricuspid valve opened appeared to be normal. The rate of decline of the regurgitant wave in those patients with associated insufficiency did not differ sufficiently from that observed in the control series to be useful as a criterion of tricuspid stenosis.
Tricuspid Orifice Area
The calculated area of the tricuspid orifice ranged from 0.7 to 1.7 cm.2 in the 5 patients with normal sinus rhythm ( The increase in cardiac output with exercise was subnormal for the degree of work per-formed, as judged by oxygen consumption,8 9 in all but 1 patient, EH.
There was a significant correlation (r = 0.90, p < .01) between tricuspid valve area per square meter of body surface and the cardiac index ( fig. 8 ). The data include those patients who had evidence of tricuspid insufficiency on the atrial pressure curve. This good correlation may indicate either that these patients had relatively little insufficiency, so that the valve area calculations were reasonably accurate, or that the valve area as calculated gives a good estimate of the reduction in output secondary to combined tricuspid stenosis and insufficiency. The correlation was less significant (r = -0.5 or less) when the valve size per square meter was compared to each of the following variables: mean gradient, log of the mean gradient, right atrial mean pressure, and right atrial mean pressure during ventricular diastole.
Associated Hemodynamic Abnormalities
The associated abnormalities delineated by cardiac catheterization were to a large extent a reflection of the accompanying multivalvular Although the tricuspid valve is ideally located for study by catheterization of the right heart, there has not been agreement about the hemodynamic criteria for the diagnosis of stenosis of this valve. Ferrer and coworkers, ' (fig. 6 ). The invariable increase in gradient is due to the augmentation of flow across the valve resulting from both the rise in cardiac output and the decrease in diastolic filling period that are associated with exercise. A greater pressure head is required to drive more blood in less time across the stenotic valve.
A stenotic atrioventricular valve, unlike the normal valve, probably opens during ventricular isometric relaxation and closes during ventricular isometric contraction. It is preferable to analyze the gradient throughout the period of functional rather than true diastole, which is set-off between the 2 points at which right atrial and ventricular pressures are identical (figs. 3 and 5). Sufficient cardiac cycles must also be analyzed to cover at least 1 complete respiratory cycle, since the gradient varies with alterations in intrathoracic pressure ( fig.  7) .
The accentuation of the murmur of tricuspid stenosis with inspiration, a phenomenon described by Rivero Carvallo,14 is a reflection of the increase in gradient and flow that occurs with inspiration. In this lesion the right ventricular pressure follows the change in intrathoracic pressure ( fig. 7) , falling during inspiration and rising during expiration. The atrial pressure, however, remains relatively constant, probably because the increased venous return into the atrium with inspiration exceeds the augmented outflow across the stenotic valve.
The change in the intensity of murmurs over the tricuspid area with respiration is a sign of cardinal diagnostic importance in patients with rheumatic heart disease.3 ' 15 The manner in which the gradient varied during the course of ventricular filling in atrial fibrillation and sinus rhythm was clearly reflected in the auscultatory phenomena.3 The thrills and murmurs over the tricuspid area in atrial fibrillation were early and middiastolic; in normal sinus rhythm they were presystolic. During these phases of the cardiac cycle the gradients were maximal and were probably associated with greatest and most turbulent flow across the stenotic valve.
Critique of Orifice Calculation
Calculation of the functional orifice of the tricuspid valve by the formula of Gorlin and Gorlin6 is useful in evaluating the degree of obstruction from a set of measured values for flow and gradient. Data are not available to determine precisely the correction factor for turbulence and orifice contraction needed in the calculation, but certain information suggests that the value of 1.0 as originally proposed6 is satisfactory. Ferrer and co-authors'0 demonstrated that the area determined by planimetry of a scale postmortem photograph of the valve in a case of tricuspid stenosis agreed within 0.1 cm.2 of the calculated area.
In the 2 patients from the present series who underwent tricuspid valvuloplasty and in the single case reported by Gorlin and Gorlin the calculated area agreed well with the estimate made from digital palpation by the surgeons, although it must be conceded that the surgeon's finger is not a precise planimeter.
The calculated area should be considered as a functional rather than an exact anatomic size, but this does not detract from the usefulness of the calculation by the Gorlin formula. Extensive experience has indicated that the formula frequently aids greatly in the preoperative and postoperative evaluation of patients with mitral stenosis. The data from the patients with tricuspid stenosis indicate its value in this lesion. The close correspondence between the areas at rest and during exercise (table 2) is impressive evidence of its reliability in relating flow and gradient to valve size. Without calculation of valve area it would be difficult to compare the physiologic data from one patient to the data from another or to compare repeated studies in the same patient. This is well illustrated by the postoperative study in FC (tables 1 and 2).
When there is associated tricuspid insufficiency, calculations of the orifice area yield falsely small values, since the rate of forward flow across the valve is greater than the cardiac output by an amount related to the regurgitant flow, which is unknown. When methods become available to measure the regurgitant flow, '6 more precise estimations of the degree of stenosis and insufficiency will be possible.
Effects of Tricuspid Stenosis on Dynamics of Mitral Stenosis
The hemodynamic data of the 3 patients with combined mitral and tricuspid stenosis were significantly different from a group of patients with uncomplicated mitral stenosis of comparable severity (table 3) . The lower pulmonary vascular pressures in the group with tricuspid stenosis are secondary to the lower flow and pulmonary vascular resistance. It is possible that the hemodynamic evidence of mitral stenosis might be obscured at rest by the effects of tricuspid stenosis. Such was the case in RP (table 1), in whom pulmonary venous hypertension was observed only during exercise. An important implication of these observations is that patients with tricuspid stenosis must be studied completely at rest and during exercise before the presence of significant mitral stenosis can be ruled out.
Major Hemodynamic Alterations
Tricuspid stenosis produces 2 major hemodynamic alterations, a reduction in cardiac output and an increase in right atrial pressure. Both these effects on cardiac function are of importance in the production of the major symptoms, fatigue and edema, and must be considered in attempts to define a "critical" area, if one exists, for the tricuspid valve.
The data from FC illustrate the ability of tricuspid stenosis alone to reduce cardiac output (table 1 and fig. 8 ). This reduction in output is due to the inability of the right atrium to propel blood past the obstructed valve at the normal rate. When tricuspid and mitral stenosis occur together, the cardiac output is lower than would be expected on the basis of the existing degree of mitral stenosis alone (table   3) . The probable explanation is that the elevated pressure necessary to maintain flow across the obstructed mitral valve is created to a great extent by the pumping action of the right ventricle,4 whereas only the right atrium performs this function for the tricuspid valve. In obstruction of the tricuspid valve, therefore, blood flow is limited proximal to the right ventricle. Restriction of blood flow at rest and during exercise is probably the outstanding factor responsible for fatigue. The regression formula derived from the data in figure 8 suggests that a tricuspid orifice smaller than 1.0 cm.2/M.2 of body surface may cause reduction of cardiac output. It would be of great interest to evaluate the pumping action of the right atrium by comparing the hemodynamic effects of normal rhythm and atrial fibrillation in a patient with tricuspid stenosis.
The level of atrial pressure in tricuspid stenosis is influenced by the diastolic pressure in the right ventricle, and the systolic insufficiency wave, if one is present, as well as by the gradient. The mean diastolic gradient depends on the flow per diastolic second and the valve size. At any particular rate of flow the smaller the orifice area, the larger is the gradient. Similarly for any given degree of stenosis, the larger the flow, the larger is the gradient.
Elevation of right atrial pressure and consequently of pressures throughout the systemic venous bed is a potent factor in the production of edema.7 '-20 In this regard it is pertinent that the incidence of edema and ascites in patients with tricuspid insufficiency is 7 times greater when the right atrial mean pressure (measured in the edema-free state) is above 10 Le differentia transvalvular del pressiones observate in casos de stenotic valvulas tricuspide se augmentava con inspiration e se reduceva con expiration. Illo esseva le plus pronunciate durante le contraction atrial in normal rhythmo sinusal e durante le prime phases diastolic in fibrillation atrial.
Le major effectos del lesion super le circulation esseva un restriction del rendemento cardiac e un elevation del pression dexteroatrial. Le reduction del rendimento cardiac esseva ben correlationate con le grado de constriction del orificio tricuspide calculate per medio del formula pro le area valvular. Le rendimento cardiac e le pression e resistentia in le vasculatura pulmonar esseva plus basse in 3 patientes con associate stenosis mitral que in un gruppo de patientes con simile grados de stenosis mitral sed sin affection del valvula tricuspide.
